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METHOD OF FORMING A BEARING CAGE
SEGMENT INCLUDING A JOINT EDGE IN
THE REGION OF A TO-BE-FORMED
BRIDGL

CROSS-REFERENC.

L1l

This application 1s a continuation of U.S. Ser. No. 16/778,
133, filed Jan. 31, 2020, which application claims priority to
German patent application no. 10 2019 201 565.4 filed on
Feb. 7, 2019, the contents of which are fully incorporated
herein by reference.

TECHNOLOGICAL FIELD

The present disclosure 1s directed to a method of forming
a bearing cage segment of a sheet metal cage having an
improved joint edge for welding and to a method of forming
a sheet metal cage imncluding such a bearing cage segment.

BACKGROUND

Bearing cages are known from the prior art that are
composed of one or more rounded cage segments, made of
sheet metal, that are respectively connected to one another
at their joint edges, for example by welding.

Here 1t 1s known to produce the structure and contour of
such bearing cage segments by punching and stamping. For
this purpose 1 a first step a metal band 1s intermittently
moved along in the longitudinal direction, wherein trans-
versely extending slots are formed by a punch press. In a
turther step the metal band 1s cut to length using a transverse
cutting device so that a ladder-shaped sheet metal part 1s
formed, wherein the “rungs™ of this part form bridges of the
bearing cage segment, the slots of the part form pockets of
the bearing cage segment, and the “side rails” of the part
form the ring sections of the bearing cage segment. In a
subsequent step the ring sections are then bent to the desired
radius of curvature by round-shaping.

The cutting-to-length 1s usually etfected here 1n the region
ol a pocket so that a joint edge 1s formed on each of the ring
sections and a “partial pocket” 1s formed therebetween.
When assembling the bearing cage segment into the finished
cage, these joint edges—aftter a post-processing, which 1s to
be discussed in more detail below—are welded together
with two further, analogously formed joint edges, so that a
“welding pocket” 1s formed by the connecting of the “partial
pockets.”

Cutting-to-length 1s a punching process 1 which a com-
bined shear-cutting and breaking occurs. For this reason the
joint edges of the ring sections, which joint edges are formed
by the cutting-to-length of the metal sheet and are directed
in the circumierential direction, are not dimensionally stable
enough to be able to serve directly as a welding surface. The
post-processing mentioned here 1s therefore required. In
addition, a cutting liquid 1s typically used during the cutting-
to-length which must still be removed afterwards.

The post-processing here 1s necessarily associated with a
material removal. Therefore 1f after the rounding of the
bearing cage segment the post-processed joint edges were to
simply be welded to the corresponding joint edges opposing
in the circumierential direction, then at this connecting point
a welding pocket would be formed which, viewed 1n the
circumfierential direction, would have a smaller width than
the other pockets. For this reason, according to the prior art,
alter the cutting-to-size the ring sections are first shortened
by approximately a complete pocket width and only then
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post-processed, so that with respect to the desired pocket
width they have the correct length for connecting to the

opposing joint edges. The final pocket 1s lost 1n this way as
waste. Accordingly, 1n addition to the additional effort of the
post-processing, significant material loss also occurs here.
In addition, in the prior art described here the welded joint
also represents the weakest point of the finished cage. It such
a cage breaks in operation, for example, due to the occur-
rence of centrifugal forces, the breakage usually occurs at
the point of the welded joint. The quality of the welded joint
1s thus of particular significance since the performance of the
fimshed bearing cage significantly depends thereon.

SUMMARY

It 1s therefore an aspect of the present disclosure to
provide a bearing cage segment that 1s particularly suitable
for producing a reliable connection for forming a bearing
cage.

In the following a bearing cage segment of a sheet metal
cage, 1n particular for a needle roller bearing, 1s provided,
which 1ncludes a first ring section, at least one second ring
section, and a plurality of bridges connecting the first ring
section and the at least one second ring section to each other,
wherein a pocket for receiving at least one rolling element
1s respectively formed between the bridges. Here the dis-
closure 1s based on the i1dea that the bearing cage segment
includes a joint edge directed in the circumierential direc-
tion, which joint edge 1s configured to be connected to
another joint edge, wherein the joint edge 1s disposed in the
region ol a bridge to be formed by this connection. In this
way, 1n contrast to the above-mentioned prior art, wherein
the weld connection 1s formed only on the ring sections, an
overall enlarged connecting surface can be realized. This 1s
advantageous because the stability of the connection can be
increased due to the larger connecting surface. The bearing
cage segment 1s therefore particularly suitable for producing
a reliable connection for forming a bearing cage, which 1s
subjected 1n particular to high loads.

Here the bearing cage segment can be configured for
single-row or multi-row bearing cages.

The pockets can subsequently be configured with larger
axial extension so that longer rolling elements, that 1s, for
example, longer needles, can be used. In this way the load
capacity of a correspondingly formed bearing can be
increased so that the bearing 1s suitable for supporting higher
bearing forces. In addition—viewed normal to the circum-
ferential direction—the cross-sections of the ring sections
can also in principle be chosen smaller, whereby a corre-
sponding material saving can be achieved.

Furthermore, no end-side partial pocket 1s formed in the
region of the to-be-formed bridge by the design of the joint
edge, so that the material loss of the “final pocket” given 1n
the above-mentioned prior art can already be avoided.

According to one exemplary embodiment, the joint edge
1s formed by laser cutting. The joint edge can be formed so
precisely by the laser cutting that 1t 1s directly suitable as a
welding edge. In this way no post-processing of the welding
edge 15 required for a reliable welding connection. In addi-
tion, the bearing cage segment can be individually manu-
factured by laser cutting, for example, by a cutting-out from
a metal sheet, so that the joint edge need not be formed by
a cutting-to-length. In this way the material loss, as occurs
in the above-mentioned prior art, can also be avoided. The
manufacturing 1s thus made easier.

According to one exemplary embodiment, the joint edge
includes a chamier on the radially outer side and/or the
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radially inner side. Due to this design, during the production
of the welding connection no region forms that projects
radially or axially over the respective ring section, 1n par-
ticular no projecting weld seam (so-called upper bead).

A particularly simple manufacturing of the chamifer 1s
made possible when 1t 1s formed by a reshaping process, 1.¢.,
for example, by rolling or milling.

According to one exemplary embodiment, for the width b,
measured in the circumierential direction, of a partial bridge
for forming the to-be-formed bridge, 1t applies that: 0.5
d=b=d, wherein d 1s the width of the bridges measured 1n the
circumierential direction. Due to this choice 1t can be
achieved that with low material use the to-be-formed bridge
exhibits suflicient stability for the welding connection.

According to one exemplary embodiment, the pockets are
punched. The pockets can thereby be particularly suitably
produced, since punching i1s a simple and rapid manufac-
turing process.

According to a further aspect of the disclosure a sheet
metal cage 1s provided, in particular for a needle roller
bearing, that includes at least one of the above-described
bearing cage segments. Here the at least one bearing cage
segment or the plurality of bearing cage segments are
connected at their joint edges via a maternial-bonded con-
nection, 1n particular welded. The sheet metal cage can thus
be manufactured particularly advantageously overall. A laser
welding or an electrical resistance welding 1s particularly
suitable here as welding. It can thus be achieved that the
weld seam 1s particularly small. The sheet metal cage can be
configured single-row or multi-row.

Yet a turther aspect of the disclosure includes a method of
forming a bearing cage segment, which method includes
punching a plurality of openings 1n a sheet metal band to

form a plurality of pockets separated by a plurality of
bridges, the bridges having a length direction transverse to
a length direction of the band and having a width in the
length direction of the band, and having a thickness in a
direction perpendicular the length direction and to the width,
and laser cutting the sheet metal band along one of the
plurality of bridges transversely to the length direction of the
band to form a joint edge.

Another aspect of the disclosure comprises a method of
forming a bearing cage segment that includes determining a
path of a periphery of the bearing cage segment on a metal
sheet and punching a plurality of openings 1n the metal sheet
inside the path to form a plurality of pockets separated by a
plurality of bridges. The plurality of pockets are aligned in
a first direction, the bridges have a length direction trans-
verse to the first direction and a width in the first direction
and a thickness 1n a direction perpendicular the first direc-
tion and to the width. The method also includes laser cutting,
at least a portion of the path, the portion including a first
section extending transversely to the first direction and
comprising a first joint edge, and a second section extending
transversely to the first direction and comprising a second
joint edge. The laser cutting 1s performed such that a
distance from the first joint edge to a closest one of the
plurality of openings 1s greater than or equal to one halt the
width of the bridges and less than the width of the bridges.

Further advantages and advantageous embodiments are
speciﬁed in the description, the drawings, and the claims.
Here 1n particular the combinations of features specified 1n
the description and in the drawings are purely exemplary, so
that the features can also be present individually or com-
bined 1n other ways.

In the following the disclosure shall be described 1n more
detail using exemplary embodiments depicted 1n the draw-
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4

ings. Here the exemplary embodiments and the combina-
tions shown in the exemplary embodiments are purely
exemplary and are not intended to define the scope of the
invention. This scope 1s defined solely by the pending
claims.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIG. 1 1s a perspective view of a connecting region in an
exemplary embodiment of a bearing cage segment according
to the present disclosure.

FIG. 2 1s a cross-sectional view of two mutually contact-
ing joint-edge regions of a bearing cage segment of the
present disclosure prior to welding.

FIG. 3 1s a view corresponding to that of FIG. 2 after
welding.

DETAILED DESCRIPTION

In the following, identical or functionally equivalent
clements are designated by the same reference numbers. The
direction designations used in the following—axial, radial,
circumierential—always refer to the finmished bearing cage.

FIG. 1 shows an exemplary embodiment of at least one
bearing cage segment 1 of a sheet metal cage 1n the joint
region between a first bearing cage segment end 10 and a
second bearing cage segment end 12. Here the sheet metal
cage can be formed from a single bearing cage segment 1,
so that the bearing cage-segment ends 10, 12, also referred
to here 1n the following simply as “ends™ 10, 12, are two
circumierential ends of only one bearing cage segment 1.
Alternatively the sheet metal cage can include a plurality of
bearing cage segments, wherein the first end 10 1s one end
of a first bearing cage segment 1, and the second end 12 is
one end of a second correspondingly designed bearing cage
segment 1'.

For the sake of simplicity 1t 1s assumed here in the
tollowing that two bearing cage segments 1, 1' abut against
each other at their ends 10, 12. The case that the first end 10
and the second end 12 are formed by the same bearing cage
segment 1 obviously arises 1n an analogous manner.

Each bearing cage segment 1, 1' includes a first ring
section 2 and a second ring section 4, and a plurality of
bridges 6 connecting the first ring section 2 and the second
ring section 4 to each other. Instead of the single-row design
of the bearing cage segment 1 depicted here, the bearing
cage segment 1 can also be configured multi-row, and would
then include a first, a second, and further ring sections that
are each connected to each other by bridges.

A pocket 8 for receiving at least one rolling element is
respectively formed between the bridges 6. In the example
shown the sheet metal cage 1s a needle-roller-bearing cage,
and the pockets 8 are each configured for receiving a
needle-shaped rolling element.

Each bearing cage segment 1, 1' includes on 1ts first ends
10, 12 a joint edge 14, 16 directed in the circumierential
direction, which joint edge 14, 16 1s configured to be
connected to the respective other joint edge 16, 14 that 1s
formed here 1n an analogous manner on the second end 12.

The joint edges 14, 16 are preferably connected to each
other via a connection, in particular a material-bonded
connection, here a weld connection. Here a laser welding or
an electrical resistance welding 1s suitable in particular for
producing the connection.

As can be seen from the perspective representation of
FIG. 1, the joint edge 14 1s disposed in the region of a bridge

18 to be formed by this connection, here also referred to as
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“welding bridge” 18. Accordingly a first “partial bridge” 20
1s formed by the first end 10, and a corresponding second
partial bridge 22 1s formed by the second end 12, wherein
due to the connection of the joint edges 14, 16 these partial
bridges 20, 22 form the to-be-formed bridge 18 or are
assembled into the to-be-formed bridge 18.

Since the joint edge 1s formed on the partial bridge 20, 22,
a particularly large contact or connecting surface can be
achieved, and as a result a particularly stable and reliable
connection can be achieved.

The partial bridges 20, 22 each preferably have a width b,
measured 1n the circumferential direction, for which the
tollowing applies: 0.5 d=b=d wherein d 1s the width of the
“normal” bridges 6.

The joint edges 14, 16 are formed by laser cutting. In this
way the joint edges 14, 16 can be shaped so precisely that
a post-processing for suitability as a welding surface 1s no
longer required. Here the surface 1s directly cleaned by the
laser cutting process.

The pockets 8 can all be formed by a punching.

As can be seen from FIG. 1, guide surfaces 24 of the
pockets 8, which guide surfaces 24 are for guiding the
rolling elements, can be formed on the bridges 6, also on the
partial bridges 20, 22, and on the ring sections 2, 4. These
guide surfaces 24 can be formed, for example, by the
punching of the pockets 8.

FIG. 2 shows a cross-sectional representation in the
region of the connection of the joint edges 14, 16, wherein
a state 1s shown wherein the joint edges 14, 16 contact, but
are not yet welded.

As can be seen from FIG. 2, the joint edges 14, 16 also
include a first chamier 26 on the radially outer side, and a
second chamier 28 on the radially inner side. The chamifers
26, 28 serve to recelve a radial or axial material accumula-
tion, for example, an upper bead, as could arise due to the
welding process. In FIG. 3 the state 1s shown after the
welding. The weld seam 30 formed by the welding can be
seen here. Due to the chamifers 26, 28 no projections are
formed.

The chamifers 26, 28 are preferably produced by a reshap-
ing, for example, rolling or milling. The laser cutting and the
reshaping preferably occur with the aid of one and the same
machine so that in particular the bearing cage segment 1
need not be transported to a further tool to form the chamfiers
26, 28.

In summary a bearing cage segment 1s provided that
includes a joint edge that 1s configured to be connected to
another joint edge. Here the joint edge 1s disposed in the
region of a bridge to be formed by the connection, so that a
particularly large connecting surface 1s formed. The bearing,
cage segment 1s therefore particularly suitable for producing
a reliable connection for forming a bearing cage, which 1s
subjected 1n particular to high loads. The joint edge 1s
laser-cut and 1s directly suitable for a weld connection.

Representative, non-limiting examples of the present
invention were described above 1n detail with reference to
the attached drawings. This detailed description 1s merely
intended to teach a person of skill in the art further details
for practicing preferred aspects of the present teachings and
1s not intended to limit the scope of the invention. Further-
more, each of the additional features and teachings disclosed
above may be utilized separately or in conjunction with
other features and teachings to provide improved bearing
cage segments.

Moreover, combinations of features and steps disclosed in
the above detailed description may not be necessary to
practice the invention 1n the broadest sense, and are instead
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taught merely to particularly describe representative
examples of the invention. Furthermore, various features of
the above-described representative examples, as well as the
various independent and dependent claims below, may be
combined 1n ways that are not specifically and explicitly
enumerated 1 order to provide additional useful embodi-
ments of the present teachings.

All features disclosed 1n the description and/or the claims
are intended to be disclosed separately and independently
from each other for the purpose of original written disclo-
sure, as well as for the purpose of restricting the claimed
subject matter, independent of the compositions of the
features 1n the embodiments and/or the claims. In addition,
all value ranges or indications of groups of entities are
intended to disclose every possible intermediate value or
intermediate entity for the purpose of original written dis-
closure, as well as for the purpose of restricting the claimed
subject matter.

REFERENCE NUMBER LIST

1, 1' Bearing cage segment

2 First ring section

4 Second ring section

6 Bridges

8 Pockets

10 First bearing cage segment end
12 Second bearing cage segment end
14, 16 Joint edges

18 To-be-formed bridge

20, 22 Partial bridge

24 Guide surfaces

26 First chamfer

28 Second chamier

30 Weld seam

What 1s claimed 1s:

1. A method of forming a bearing cage segment compris-
ng:

punching a plurality of openings 1n a sheet metal band to

form a plurality of pockets and to form a plurality of
bridges, the bridges having a length direction trans-
verse to a length direction of the band and having a
width 1n the length direction of the band, and having a
thickness 1n a direction perpendicular the length direc-
tion and to the width, and

laser cutting the sheet metal band along a first one of the

plurality of bridges transversely to the length direction
of the band to form a first joint edge.

2. The method according to claim 1, including chamiering
the first joint edge.

3. The method according to claim 1, including chamiering
the first joint edge along the width direction.

4. The method according to claim 3, wherein the cham-
fering comprises rolling or milling the first joint edge.

5. The method according to claim 1, wherein the laser
cutting comprises cutting the one of the plurality of bridges
to form a partial bridge having a width greater than or equal
to one half the width of the bridge.

6. The method according to claim 1, including materially
bonding the first joint edge to a second joint edge of the sheet
metal band or to a joint edge of another sheet metal band.

7. The method according to claim 1, including welding the
first joint edge to a second joint edge of the sheet metal band
or to a joint edge of another sheet metal band.

8. The method according to claim 1, including laser
welding the first joint edge to a second joint edge of the sheet
metal band or to a joint edge of another sheet metal band.
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9. The method according to claim 1, including resistance
welding the first joint edge to a second joint edge of the sheet
metal band or to a joint edge of another sheet metal band.

10. The method according to claim 1,

wherein the punching the plurality of openings comprises

punching the plurality openings such that the plurality
of openings are configured to receive needle-roller
bearings.
11. The method according to claim 1,
including chamiering the first joint edge in the width
direction by rolling or milling the first joint edge, and

welding the first joint edge to a second joint edge of the
sheet metal band or to a joint edge of another sheet
metal band,

wherein the laser cutting comprises cutting the one of the

plurality of bridges to form a partial bridge having a
width greater than or equal to one half of the width of
the bridge.

12. The method according to claim 1, including welding
the first joint edge to a second joint edge of the sheet metal
band or to a joint edge of another sheet metal band without
post-processing the first joint edge.

13. The method according to claim 1, including

placing a surface formed by the laser cutting of the first

joint edge 1n direct contact with a second joint edge of
the sheet metal band or 1n direct contact with a joint
edge of another sheet metal band, and

welding the first joint edge to the second joint edge or to

the joint edge of the another sheet metal band.

14. A method comprising:

determining a path of a periphery of a to-be-formed

bearing cage segment on a metal sheet;

after determining the path of the periphery, punching a

plurality of openings 1n the metal sheet inside the path
to form a plurality of pockets separated by a plurality
of bridges, the plurality of pockets being aligned in a
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first direction, the bridges having a length direction
transverse to the first direction and having a width 1n
the first direction, and having a thickness 1n a direction
perpendicular the first direction and to the width; and
alter punching the plurality of openings, laser cutting the
path or only a portion of the path, the path or only the
portion of the path including a first section extending
transversely to the first direction, the first section com-
prising a first joint edge, and a second section extending
transversely to the first direction and comprising a
second joint edge,
wherein the laser cutting 1s performed such that a first
distance from the first joint edge to a first one of the
plurality of openings closest to the first joint edge 1s
greater than or equal to one half the width of the bridges
and less than the width of the bridges and such that a
second distance from the second joint edge to a second
one of the plurality of openings closest to the second
joint edge 1s greater than or equal to one half the width
of the bridges and less than the width of the bridges.
15. The method according to claim 14,
wherein when only the portion of the path 1s laser cut,
further including separating the bearing cage segment
from the metal sheet along the path.
16. The method according to claim 14, including cham-
fering the first joint edge.
17. The method according to claim 16, wherein the
chamiering comprises rolling or milling the first joint edge.
18. The method according to claim 14, including welding
the first joint edge to the second joint edge.
19. The method according to claim 14, including laser
welding the first joint edge to the second joint edge.
20. The method according to claim 14, including welding
the first joint edge to a joint edge of another bearing cage
segment.
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